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Vince D’Aco/Quantum Management Group

PREPARED BY: CH2M Operable Unit 8 Project Team
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CH2M HILL (CH2M) has developed this memorandum on behalf of Wyeth Holdings LLC (WH) in response
to a request by the United States Environmental Protection Agency (EPA) and the New Jersey
Department of Environmental Protection (NJDEP) to evaluate the development of a potential treatment
objective for the performance criteria that might be applicable to alternatives involving placement of
treated material from Impoundments 1 and 2, Operable Unit 8 (OU8), into the Impoundment 8 Facility
corrective action management unit (CAMU) at the American Cyanamid Superfund Site in Bridgewater,
New Jersey (Site).

Specifically, this memorandum presents a summary of how treatment objectives were previously
established for material treated and relocated from Impoundments 14 and 20 to the Impoundment 8
Facility CAMU. It also describes how a similar process could be used to develop potential treatment
objectives under Alternative 5, which is being considered in the OU8 Focused Feasibility Study (FFS) and
which contemplates the disposal of the treated contents of Impoundments 1 and 2 in the CAMU.

Introduction

To develop an effective remedial approach for addressing Impoundments 1 and 2, bench-scale
treatability studies and a field-scale pilot study were completed between 2012 and 2016 to evaluate
technologies that might be effective for remediation of Impoundments 1 and 2 (CH2M 2014, 2015a).

To support development and analysis of remedial alternatives as part of the FFS, performance criteria
for evaluating the ability of each remedial alternative to achieve the Remedial Action Objectives (RAOs)
established for OU8 were developed and presented in the September 2015 Technical Memorandum —
Proposed Performance Criteria for Remedial Alternatives (CH2M 2015b) (the “Performance Criteria
Memorandum”). In addition, a Technical Memorandum — Technology Screening Memorandum to
Support Alternatives Development (CH2M 2015c) (together with the Performance Criteria
memorandum, the Technical Memoranda) was developed describing the technology screening process
and presenting the technologies and process options retained for subsequent development of remedial
alternatives as part of the FFS. EPA approved the Technical Memoranda, including the performance
criteria for alternatives that involve use of the Impoundment 8 Facility CAMU, via a letter dated October
15, 2015 (EPA 2015a).

The bench-scale and pilot study results along with the Technical Memoranda were used to develop a
preliminary list of remedial alternatives, which was presented to EPA on November 4, 2015. While the

EN 112016115910 AT
540535



MEMORANDUM REGARDING USE OF CORRECTIVE ACTION MANAGEMENT UNIT FOR IMPOUNDMENTS 1 AND 2, AMERICAN CYANAMID
SUPERFUND SITE, BRIDGEWATER, NEW JERSEY

information obtained during the bench-scale and pilot studies completed in 2012 and 2014 was
sufficient to develop certain alternatives, it was determined that additional laboratory-scale testing was
required to evaluate the feasibility and effectiveness of two additional technologies for treating acid tar
in Impoundments 1 and 2: thermally enhanced in situ solidification and stabilization (ISS) and
mechanical dewatering followed by offsite treatment at a cement kiln or incinerator. Additional
laboratory studies were conducted in 2016 to evaluate these technologies and the compatibility of the
CAMU liner with leachate generated from treated impoundment material. The results of these studies
were used to develop a refined list of remedial alternatives, which was presented to EPA and NJDEP on
October 13, 2016. The preliminary alternatives are grouped based on end point into the following three
categories: 1) treatment and closure in place with robust engineering controls, 2) treatment followed by
removal and placement in the onsite CAMU, and 3) excavation, dewatering, and offsite shipment for
beneficial reuse at a cement kiln (CH2M 2016a, CH2M 2016b, O’'Brien & Gere [OBG] 2016).

There was general agreement on the refined list of remedial alternatives; however, NJDEP suggested
that a quantitative treatment objective may be needed for remedies that involve placing treated
material in the onsite CAMU. As noted in the list of alternatives presented to EPA and NJDEP in October
2016, Alternative 5 involves using steam while homogenizing impoundment materials to enhance
removal of constituents of concern (COCs). This is followed by ISS to increase strength and neutralize
the acidity, then excavation and placement of treated material in the onsite CAMU. This is then
followed by the final step of backfilling the excavation with berm materials, and installation of a
vegetated soil cover over the excavated impoundment area.

In response to NJDEP’s suggestion regarding a quantitative treatment objective, EPA recommended a
review of how treatment objectives were established as part of the 1997 Corrective Measures Study
(CMS), which is summarized in the 2007 Remedial Action Plan and the 2007 Explanation of Significant
Difference (ESD) for Impoundments 14 and 20. Treated materials from these two impoundments were
placed in the CAMU (OBG 2007, Environ 1997, NJDEP 2007). The subsequent sections of this
memorandum summarize the process used to develop the treatment objectives for Impoundments 14
and 20 and present a proposed approach for evaluating potential treatment objectives for
Impoundments 1 and 2.

Overview of Risk Evaluation Process and Establishment of Treatment Objectives
for Impoundments 14 and 20

The 2007 Remedial Action Plan for Impoundments 14 and 20 includes, as Exhibit 1, the 1997 Risk
Ranking Evaluation, which details the approach used to calculate a relative risk factor (RRF) for organic
compounds detected in the Group Ill impoundments, which included Impoundments 1, 2, 3, 4, 5, 14, 20,
and 26 (OBG 2007, Environ 1997). In summary, RRFs were developed to evaluate potential risk posed by
ingestion exposure to COCs leaching to groundwater and represented the relative risk posed by
individual constituents. While the overall RRF was determined by summing the individual RRF
contributions of individual COCs, benzene was the primary risk driver based on its relative mass and
associated risks. The equation used to calculate the RRF for benzene was:

RRF¢ = RMF x SForal/(Kg x 10°°)
Where:

RRF. = RRF for carcinogens

RMF = Relative Mass Factor

SForal = Oral slope factor value

K4 = soil-to-water partitioning coefficient
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The percent risk reduction associated with a specific remedial action alternative was then calculated as
follows:

Percent RiSk REdUCtion = (RRFbaseHne - RRFtreated)/RRFbaseline X 100

The RRF under baseline conditions (untreated) was calculated using the maximum concentrations
detected in each impoundment.

Constituent-specific treatment objectives were initially developed (Environ 1997) based on
consideration of two scenarios:

1. The COC concentration corresponding to a 90 percent reduction in RRF: Based on the data
presented in the Risk Ranking Evaluation, reducing the benzene concentration to 2,000 milligrams
per kilogram (mg/kg) across the seven Group Il impoundments would reduce the overall risk by
approximately 90 percent.

2. The COC concentration that the selected technology could theoretically achieve based on bench
studies: For benzene, this was an average of 54 mg/kg and a maximum value of 60 mg/kg.

The treatment objectives for several COCs were later modified based on what the technology actually
achieved in practice. In the 2007 ESD, the treatment objective for benzene in Impoundments 14 and 20
was modified to 2,529 mg/kg because full-scale demonstration of the implemented technology
demonstrated that this was the achievable concentration. As noted in the ESD, this represented a
reduction in benzene concentration of approximately 28 percent (see Attachment A). Between
September 2007 and September 2009, approximately 33,101 cubic yards of treated material from
Impoundments 14 and 20 were placed in the Impoundment 8 Facility CAMU.

Approach for Calculating Risk Reduction for Impoundments 1 and 2

For Impoundments 1 and 2, a technology-based benzene concentration has been identified (in this case,
for steam-enhanced ISS). Bench-scale treatability tests evaluating the use of steam-enhanced 1SS
reported a post-treatment benzene concentration of 16,000 mg/kg following 2-hours of mixing;
however, because this result is based on laboratory-scale testing, a 50 percent increase in the treated
concentration is conservatively assumed. Therefore, the estimated benzene concentration of material to
be placed in the CAMU under Alternative 5 is 24,000 mg/kg. This is similar to the concentration achieved
for ISS treatment during the pilot study.

To quantify the associated risk reduction using the methodology utilized for Impoundments 14 and 20,
the aforementioned RRF calculations were performed. The baseline condition RRF was calculated using
the 95 percent upper confidence limit (UCL) benzene concentrations for Impoundments 1 (88,212
mg/kg) and 2 (65,288 mg/kg) (OBG, 2010) and recent estimates of impoundment volume. As shown in
Table 1, the RRF for baseline conditions is 9.43 x 10**. The RRF for treated material was calculated using
a concentration of 24,000 mg/kg and a 15 percent increase in volume (assumes 15 percent ISS reagent
addition); the treated RRF is 3.45 x 10'*. A comparison of the baseline and treated RRF values shows that
this technology results in a 63.4 percent reduction in risk.

Conclusions

Based on bench-scale treatability testing results and considering a scale up factor, the concentration of
benzene in the steam-enhanced-ISS-treated material from Impoundments 1 and 2 is conservatively
estimated to be 24,000 mg/kg. Applying the risk-reduction evaluation methodology used in the Group I
Impoundments CMS and Impoundments 14 and 20 ESD, implementation of steam-enhanced ISS at
Impoundments 1 and 2 would be expected to reduce relative risk more than 63 percent.
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In addition, excavation of the treated material from the floodplain and placement in the CAMU (a
managed, secure landfill with a cap and liner system) results in additional reduction of risk. The
Impoundment 8 Facility CAMU has a multi-layer leachate collection system and will include an
impermeable cover upon closure. Relative to untreated material (i.e., the current status and condition of
the impoundments), treatment and placement of the material in the CAMU results in more than a 99.9
percent reduction in risk when engineering controls are considered, due to the decrease in mass from
steam-enhanced ISS treatment and reduced leachability by management in the engineered CAMU.

This analysis demonstrates that Alternative 5, as described above, is protective of human health and the
environment. If a treatment objective more stringent than 24,000 mg/kg is imposed, then a new
alternative would need to be developed, evaluated and screened against the balancing criteria to
determine whether the alternative should be included in the FFS report.
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Table 1. Risk Reduction Factor Calculations, Impoundments 1 & 2, Steam-Enhanced ISS, Excavation and Placement in CAMU
Scenario 1: Baseline Conditions

Impoundment Volume
Volume (cubic yards) Relative density ratio of waste
Imp. 1 Imp. 2 Total impoundment (unitless)
2.42E+04 3.03E+04 5.45E+04

Concentration Information
95% UCL (OBG 2010)
Imp. 1 Imp. 2
8.82E+04 6.53E+04

Contaminant Specific Information
Compound SForal RfDoral Kd
Benzene 5.50E-02 - 2.40E-01

Only carcinogenic effects, no RfDoral available

Relative Mass Factor

RMF = T (Cp (V) (D)
iJ

Where:

C = concentration of chemical I in Impoundment j (mg/kg)

V = volume of waste in Impoundment j (cubic yards)

D = relative density ratio of waste in Impoundment j (unitless)

RMF
Imp. 1 Imp. 2 Total
2.13E+09 1.98E+09 4.11E+09

Relative Risk Factor

RRF,= RMF x SF,,, / (K, x 10%)

RRF, = RMF/ (RfD, x K, x 1)

RRFc 9.43E+14
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Table 1. Risk Reduction Factor Calculations, Impoundments 1 & 2, Steam-Enhanced ISS, Excavation and Placement in CAMU

Volume (cubic yards)
Imp. 1 Imp. 2 Total
2.78E+04 3.48E+04 6.27E+04 ISS Addition Rate 15%

Average Concentration (mg/kg)
Imp. 1 Imp. 2
2.40E+04 2.40E+04

RMF
Imp. 1 Imp. 2 Total
6.68E+08 8.36E+08 1.50E+09

RRFc 3.45E+14

Percent Risk Reduction Achieved
PRR (%) 63.4
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ATTACHMENT A

Explanation of Significant Difference Impoundments 14 and 20,
American Cyanamid Site
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